Slow sand filter can be effective for water purification. The formation of "schmutzdecke" on the surface of the sand bed can vary the efficiency of slow sand filter. This study aimed to investigate the efficiency of slow sand filter in purifying well water using Labo River sand as the filter medium. Bacteriological analysis and turbidity tests were done on water samples from deep and shallow well before and after filtration at 0.30 m, 0.60 m and 0.90 m filter depths and at 200 L/hr.m 2 , 300 L/hr.m 2 and 400 L/hr.m 2 flow-through rates. Percent removal of E. coli varied and efficiency was generally high at different depths and flowthrough rates. However, E. coli removal in different filter depths and flowthrough rates was not significant (p<0.05). Percent efficiency in reducing turbidity varied. Efficiency was increasing at increasing depths and flow-through rates. There was a significant difference on the efficiency to reduce turbidity among different sand filter depths (p<0.05). However, there was no significant difference on the efficiency to reduce turbidity among the three flow-through rates. A significant interaction between filter depth and the flow-through rate in the removal of E. coli (p<0.05) was observed which means that increasing the depth of the sand filter while slowing the filtration rate improved efficiency in E. coli removal of the raw water. Most of the bacteria and particle removal is ascribed to schmutzdecke development. This study can help address the water problem particularly in local communities that depend greatly on well water for drinking.
Introduction
Groundwater contamination threatens its sustainable use as the biggest reservoir of clean water (Lee, 2011) . The importance of groundwater in developing countries as the primary source of water for human consumption, domestic and agriculture uses is challenged by various forms of pollution that are mostly human-caused (Bann & Wood, 2012; Lee, 2011) . Contamination of groundwater with harmful wastes and potentially pathogenic bacteria particularly in urban areas is deleterious to human health (Abdullah et al., 2012) . In the Philippines, most water supply source is groundwater especially in rural areas where the cost of treated water is unaffordable to low-income local residents.
There is a primary public concern in using vulnerable groundwater for drinking without water purification or disinfection measures (Pitkänen et al., 2011) along with the general belief among the local population that groundwater is pathogen-free and safe to drink (Sandhu et al., 2011) . Microbial contamination in drinking water therefore requires sanitation interventions and treatments that eliminate harmful bacteria (Coleman et al., 2013; Escamilla et al., 2013) .
Slow sand filtration is a simple technology used for pathogen and particle removal in drinking water purification (Langenbach et al., 2009 ). The slow sand filter was also tried in biological denitrification of drinking water (Aslan & Cakici, 2007) . The physical, chemical and biological means of removing bacteria and suspended particles in raw water can be done using slow sand filter (Bauer et al., 2011; Ijadunola et al., 2011; Langenbach et al., 2009; Hipshear, 2011) . Straining, sedimentation, inertial impaction, interception, adhesion, flocculation, diffusion, adsorption and biological activity have been suggested as mechanisms of contaminant removal in filtration (Anderson et al., 1985) . The findings of the study of Dastanaie et al. (2007) revealed that the overall function of the filter in removing total suspended solids is acceptable and the processes found in sand filters replicate many of those found in natural sand banks and sandy beaches (Wotton, 2002) .
Formation of schmutzdecke or colmation layer on the surface of the sand bed as filtration progresses is considered as the important process of purification mechanism of slow sand filters (Farooq, 1994) . Protozoa, bacteria, algae and other forms of life within the filter bed contribute to pollutant removal (Banda, 2011; Hsieh et al., 2010; Joubert et al., 2008 Bonnefoy, 2002 including E. coli (Mwabi et al., 2013) .
The mechanisms of purification vary depending on the type of filter. Proper choice of the filter depth, sand type, sand size and filtration rate affects the pollutant removal performance and purification efficiency of the sand filter (Abudi, 2011) .
The biological activity is enhanced with increasing filter depths. Microorganisms and other suspended particles have to travel more through the sand, thus, a higher removal efficiency is expected at higher sand depths (Ellis, 1984) .
The use of slow sand filter to remove bacteria from contaminated groundwater has been an attractive option as a filter system in both developed and developing countries especially in rural communities due to its low cost, ease of operation and minimal maintenance requirements (Nassar & Hajjaj, 2013; Logsdon et al., 2002) . In European countries, some water purifier manufacturers claimed their products have been using a filtering medium, such as sand, from a chosen source outside the country to produce potable water.
Using sand filter for water treatment offers unique advantage for solving water shortage problem. Though the technology is cheap and simple, it is not widely used in the Philippines, perhaps due to lack of expertise for the maintenance and operations of such kind of treatment.
With the growing population in the Philippines especially in the urban and suburban areas, potable water demand will increase inevitably and slow sand filtration may address the concern. Moreover, access to safe drinking water is one of the first priorities following a disaster in a local community (Loo et al., 2012) .
An evaluation of the use of local sand for slow filtration and its eventual use in local water districts for water treatment is an important contribution to water demand of the local population. Thus, this study aimed to investigate the efficiency of slow sand filter in purifying well water using Labo River sand as the filter medium. Bacteriological analysis and turbidity tests were done on water sample before and after the filtration process to determine the percent efficiency of the slow sand filter to remove E. coli and to reduce turbidity readings at different filter depths and flow-through rates respectively.
Materials and Methods

Filter Media Preparation
The filter used in this study was fine sand with minimal clay, loam and organic matter contents from Labo River in Misamis Occidental, Philippines. The sand was screened using fish net to remove some bigger sizes and washed with water before grading to remove some clay and dirt content. The sand was sun-dried and graded according to the required specification. Sand particles with 0.16 mm to 0.30 mm sizes or particles passing sieve no. 50 and those retained in sieve no. 100 were used. Sieves used were based on U.S. Standard Sieve Sizes.
Filter Prototype
The filter apparatus was locally manufactured in this study (Figures 1a & 1b) . It consists of the following: 1.80 meters height cylindrical tank made of polyvinyl chloride (PVC) pipe with 0.30 meter diameter that is supported on a metal base with an elevated platform for ease in observation inside, a drain pipe with 0.012 meter diameter made of galvanizing iron (G.I.) with perforations at its segments within the tank to serve as inlets of the filtrate, two valves: a primary valve that regulates the filtrate flow through the drain pipe and a secondary valve that shuts off filter operation, and a water level indicator made of clear plastic hose that is installed between the tank and the primary control valve to mark the filter status. The water levels describe the filter status as A -filter not in operation, B -clean filter in operation, C -filtering and D -filter needs cleaning.
Graded gravel from Labo River was used as support of the sand filter. Gravel with sizes from about 25.5 mm to 31.7 mm, passing and retained in sieves no. 1 ¼ and no. 1 respectively was placed at the bottom of the tank. Gravel passing through sieve no. 1 and retained in sieve no. 3/8 (sizes 9.6 -25.4 mm) was placed at the middle. Those passing in sieve no. 3/8 and retained in sieve 8 (sizes 2-37 -9.5 mm) was placed at the top immediately below the sand filter. Each layer of the graded gravel is 100-mm thick or a total gravel depth of 300 mm. The gravel layer holds the sand filter to prevent it from displacement during filtration (Liabwel et al., 2001; Mwabi et al., 2013) . After grading and before placing in the filter set-up, both sand and gravel were washed again thoroughly with clean water to assure that both materials were free of any foreign matter. 
Filter Depth and Flow-through Rates
The filter depth was varied at 0.30 m, 0.60 m and 0.90 m and the filter was operated at three different flow-through rates per square meter (m 2 ) of filter area. The rates were computed based on the sectional area (A) of tank filter which was 0.0707 m 2 and the actual discharges of 0.004 L/s, 0.006 L/s and 0.008 L/s. These calculations correspond to flowthrough rates of 200 L/hr.m 2 , 300 L/hr.m 2 and 400 L/hr.m 2 respectively. Adequate time was considered for the water particles to travel through the bed before the filtrate was collected at a point for bacteriological analysis. The approximate total time required for a water particle to travel was the sum of travel time required in each segment along its path of flow. The minimum time interval (T) for the particle to travel to the next point where filtrate could be collected after varying the discharge in hours was determined using the formula: 
Source of Raw Water
Raw water from a deep well in Misamis University located few meters from an old septic tank and near an adjoining hospital was analyzed for E. coli count before and after the filtration process. Raw water from a shallow well near the Engineering Laboratory in the campus was tested for turbidity before and after the filtration process. A different source of raw water with high turbidity was used for the turbidity test in order to determine the efficiency of the slow sand filter in reducing turbidity.
A motorized pump was used to deliver raw water from the deep well to the elevated tank. From the elevated tank, water flowed down by gravity to a faucet where a hose was used to supply water to the filter apparatus. A motor pump was used to directly deliver water from shallow well to the filter apparatus.
System Operation and Sample Collection
The filter prototype which already contained the bed of gravel was filled with the graded Labo River sand at 0.90 m thick. Potable water was initially supplied to the tank through its bottom (backwash) at a level of the sand surface using a motorized pump. This was done to remove any trapped air between voids of the filter medium which could resist the gravity flow of raw water through the filter.
During tank filling, the control valves were opened and at very low rate, the water was allowed to flow through the filter. An elapsed time of two weeks was considered for schmutzdecke (biofilm layer) to develop at the sand surface (Joubert et al., 2008) . A series of preliminary bacteriological analyses was conducted to determine the development of the schmutzdecke as the filtration process progresses. When biological filtering process was occurring as indicated on the bacterological analyses, the filter was ready for bacteriological testing proper. The filter was operated at three different rates.
Samples were collected using sterilized 500 ml plastic bottles from both the influent and the filtrate (effluent) from the drain pipe. The collected samples for bacteriological analysis were placed in an ice box with ice cubes to maintain the temperature at 4 0 C. The bottles were numbered, labeled and transported to the laboratory for analysis in terms of E. coli count using multiple tube fermentation method. Turbidity test was also done to investigate the efficiency of the sand filter in reducing turbidity. Trial and error method by direct volume measurement was used in setting the flow rates. Known volume of sample was collected and the elapsed time was recorded. Thus, Q = Vol / t, where: Q = volume flow rate in L/s, Vol = volume of sample collected in liters; and t = elapsed time in seconds.
To setup the filter depth at 0.6 meter, the upper sand at 0.90 meter depth was removed up to 0.5 meter and fresh Labo River sand was added up to a total filter depth of 0.60 m. The upper 10 cm of sand was properly removed as most of the biological layer (schmutzdecke) was concentrating at this depth. Raw water from the same source used previously in the 0.9 m sand filter depth was supplied to the tank through its inlet up to 0.5 m depth. An elapsed time of two weeks was considered for schmutzdecke to develop at the sand surface. The filter was operated at three different rates. The same procedures were done for sample collection, bacteriological analysis and turbidity test.
To setup the filter depth at 0.3 meter, the upper sand at 0.60 meter depth was removed up to 0.2 meter and fresh Labo River sand was added up to a total filter depth of 0.30 m. Groundwater from the same source used previously in the 0.9 m sand filter depth was supplied to the tank through its inlet up to 0.2 m depth. An elapsed time of two weeks was considered for schmutzdecke to develop at the sand surface. The filter was operated at three different rates. The same procedures were done for sample collection, bacteriological analysis and turbidity test.
Statistical Method and Analysis
The statistical method used in this experimental study was Two-Way ANOVA. There were three levels of factor A (filter depth) and three levels of factor B (flow-through rate), and these were arranged in a factorial design.
Results and Discussion
E. coli Removal
Results of bacteriological analysis of raw water at different depths and flow-through rates of the sand filter are shown in Table 1 . The E.coli count in influent exceeds the national standard for fecal coliform for drinking water (DOH, 2007) . Reduction in E. coli count in MPN per 100 ml was observed using slow sand filter. Percent removal of E. coli of the slow sand filter varied and was generally high at different depths and flow-through rates (Figure 2) . However, at 300 L/hr.m 2 flow rate, removal efficiency is opposite in pattern relative to the other two rates that follow the same trend. The height of the sand filter through which water passes is crucial to filtration efficiency. However, the removal efficiency of sand bed depends more upon the maturity of the schmutzdecke than upon its depth (AWWA, 1991) . Within the filter bed, the presence of protozoa, bacteria, algae and other forms of life contributes to the removal of pollutants (Banda, 2011; Bonnefoy, 2002) including the E. coli (Mwabi et al., 2013) . Table 1 . E. coli average count (MPN/100 ml) and percent removal efficiency of slow sand filter at different filter depths and flow-through rates. Two-way ANOVA reveals that there is no significant difference on the removal of E. coli among the three different sand filter depths and flow-through rates (p<0.05). The E. coli removal efficiency of the sand varies at different filter depths and flow-through rates but the difference is relative to the other two flow rates is not significant. This study shows that the development of the schmutzdecke layer is responsible for the removal of E. coli regardless of filter depth and flow-through rates.
Depth of filter
Biological activity and protistan abundance at the top layer of the schmutzdecke could probably be the mechanism of E. coli removal in water. The role of protistan predation may have an influence on bacterial removal but further studies have to confirm this relationship. In the study of Unger and Collins (2006) , E. coli removal in slow-rate biological filters occured primarily at the interface and was related to schmutzdecke biological activity and protistan abundance. Elliott et al. (2011) also noted that the activity of the microbial community within the filter is responsible for the reduction of pathogens and that the most likely biological pathway is the production of microbial exoproducts such as proteolytic enzymes or grazing of bacteria and higher microorganisms on other organisms. In the study of Hijnen et al. (2007) , the role of predation on the biofilm was also contributing to the removal of other protozoans in water.
E. coli may be removed through a combination of biological and physical processes that take place in the schmutzdecke and within the sand layer. The bacteria may become mechanically trapped in the spaces between the sand grains. Adsorption also may facilitate the removal of E. coli as it can become attached to each other or the bacteria may die because of food scarcity and oxygen depletion (CAWST, 2009 ). In the study of Joubert et al. (2008) , visualization of the microbial colonization of a slow sand filter using an environmental scanning electron microscope revealed that the mature, ripened filter exhibited a dense extracellular matrix consisting of a wide variety of microorganisms and their extracellular and breakdown products.
Turbidity reduction
Results of turbidity test of raw water at different depths and flowthrough rates of the sand filter are shown in Table 3 . Turbidity readings exceed the national standard (DOH, 2007) . Significant reduction of turbidity readings was observed. Percent efficiency of slow sand filter in reducing turbidity varied and was increasing at different depths and flowthrough rates (Figure 3 ). Most of the particle removal is ascribed to schmutzdecke (AWWA, 1991) . Biofilm formation plays a key role in the transport of suspended particles. The presence of the biofilm significantly increased the deposition of particles at a particular flow rate thereby reducing the particle concentrations in the water (Arnon et al., 2010) . Mechanical trapping and adsorption of suspended particles coud be the mechanism for the reduction of turbidity. As water passes through the Schmutzdecke, suspended particles may be trapped in the filter and dissolved organic material is adsorbed and metabolised by microorganisms such as bacteria, fungi and protozoa (CAWST, 2009; Linlin et al., 2011) . The sand filter is not also only effective for relatively less contaminated water in reducing turbidity but can also be used for wastewater treatment for reuse (Abdel-Shafy et al., 2013; Rehman et al., 2012; Bomo et al., 2003) and for removal of antimicrobial contaminants in source water (Rooklidge et al., 2005) . Two-way ANOVA reveals that there is a significant difference on the efficiency of slow sand filter to reduce turbidity in raw water among the three different sand filter depths (p<0.05). Efficiency of reducing turbidity in filtrate was higher using sand filter of 0.90 m and 0.60 m depth than in 0.30 m. The findings of Torrens et al. (2009) revealed that the deeper filters presented better removals of contaminants due to higher hydraulic detention times. However, there is no significant difference on the efficiency of slow sand filter to reduce turbidity in raw water among the three flow-through rates. The research results during three days of infiltration show that the sand filter can remove fecal coliform bacteria at a depth of 150 cm, and provide purified water with a concentration of suspended solids less than 20 mg/liter at a depth of 75 cm.
Variance analysis also shows a significant interaction between filter depth and the flow-through rate in the removal of E. coli (p<0.05). This interaction is not observed between filter depth and flow rate in reducing turbidity. Findings indicate that increasing the depth of the sand filter while slowing the filtration rate improves efficiency in E. coli removal from raw water.
Conclusion and Recommendations
Purification of well water using Labo River sand as a medium in slow sand filter is feasible. The efficiency of the filter to remove E. coli and reduce turbidity varied and was generally high at different filter depths and flow-through rates. This can be attributed to the formation of schmutzdecke on the sand surface and adsorption process. Efficiency variation of sand filter to remove E. coli at 0.3 m, 0.6 m and 0.9 filter depths and at 200 L/ hr.m 2 , 300 L/ hr.m 2 and 400 L/ hr.m 2 flow-through rates is not significant. It signifies that slow sand filter is effective in removing E. coli at these depths and flow rates. Biological activity and protistan abundance on the top layer of the schmutzdecke along with adsorption and mechanical trapping of microorganisms could probably be the mechanisms of E. coli removal in water at different depths and flow rates. However, the variation in efficiency of slow sand filter to reduce turbidity at 0.3 m, 0.6 m and 0.9 filter depths is significant. This means that the efficiency to reduce turbidity increases with increasing filter depth. This does not hold true at different flow-through rates. Slow sand filter is effective in reducing turbidity irrespective of varying flow rates (i.e., 200 L/ hr.m 2 , 300 L/ hr.m 2 and 400 L/ hr.m 2 , respectively) The interaction between filter depth and the flow-through rate in the removal of E. coli is significant which indicates that increasing the depth of the sand filter while slowing the filtration rate improved efficiency in E. coli removal. This interaction is not observed between filter depth and flow rate in the reducing turbidity. A study on continuous filtration process for a given period of time can further investigate the optimum efficiency of slow sand filter in water purification. Isolating bacteria in schmutzdecke may provide further knowledge on the efficiency of slow sand filter in water purification.
